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REAL TIME WAVELENGTH MONITORING CIRCUIT 



FIELD OF THE INVENTION 
The present invention relates to a real time wavelength 
monitoring circuit for monitoring signals in a Wavelength 
Division Multiplexing (WDM) communications network. 

BACKGROUiro OF THE INVENTION 
in a wavelength Division Multiplexing (WDM) 

V ^^1^ -it- -i c; pssential to monitor the 
communications network it is essenuxo- 

wavelength of signals from different nodes within the network. 

in the past optical spectral analyzers and multi-channel 
optical wavelength meters were used to monitor the wavelengths 
of various signals at nodes throughout the WDM communications 
network. However both optical spectral analyzers and multi- 
channel optical wavelength meters use mechanical scanning 

K-^v, .»^nond slowly to wavelength change and are 
mechanisms which respond ^lowxy 

expensive . 

Phased Array Waveguide Gratings ,PA«Gs, which eliminate 
mechanical scanning ■ mechanisms were then introduced to be used 

A^c^ Th*=^qp circuits Utilize the 
in wavelength monitoring circuits. These ci-c 

^r^r^y^w- nf the P.J^WG to monitor the 
passband cross-over prcperuy ot tne 

1 nt- nncips throughout a WDM 
wavelength of various signals at nodeb tnr y 

communications network. However, since ther^- 1 -° 
passband pe.ks inside each channel spacing and the crossover 
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point is very difficult to control, the wavelength range is 
usually less than 50% of the signal channel spacing resulting 
in poor system performance. 

SUMMARY OF THE INVENTION 

X. ■ ■; e 1 rppl time multi-channel 
The present invention is a real time 

wavelength monitoring circuit based on a novel PA«G design 

having center offset wavelength inputs and based on the 

principle that a PAWG output cress-over point can be easily 

adjusted by designing different input channel spacings. 

Accordingly, a PAWG of the present Invention has a first 

center wavelength offset input and a second center wavelength 

Offset input Which permits the wavelength spacing between the 

oassband peaks to be controlled, and provides an easier 

control of the cross-over point. The present circuit is 

capable of fully using a passband width above a broadband 

K ^y.-,f n rontroliable' wavelength range is 
background noise such that a controii 

*. ^-ir-r-nnt- it is possible to adjust 
increased. With the present circui. it P 

r-f-c;olution according to particular 
the wavelength measurement resolution 

system requirements. 

4- fhp nr^sent invention a multi- 
In a first emboaiment of the pr-sen^ 

■■^^^■inrT circuit for monitoring signals 
channel wavelength monitoring c.rcu.t 

^.sna an inout means for receiving signals 
is disclosed comprising, an inuui. 

^^r.r.i■'h offset input and a second center 
at a first center wavelength of.sei. inp 

^-F «5;riiH sianais has an 
wavelength offset input wherein each of sa.d sig 

^•n- and a switching means for switching 
input signal wavelengtn, and a o./i 
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said input means to receive said signals between said, first 
center wavelength offset input and said second center 
wavelength offset input whereby said switching means switches 
between said first and second wavelength offsets in order to 
monitor each input signal wavelength over an entire wavelength 
range. 

The invention further comprises a Phased Array Waveguide 
Grating (PAWG) connected to said input means wherein connected 
to a first end of said PAWG is said first center wavelength 
offset input, and connected to a second side of said PAWG is 
said second center wavelength offset input. 

The invention also comprises- of a plurality of detectors 
connected to said PAWG and further comprises a plurality of 
amplifiers connected to said plurality of detectors. An A/D 
converter is also connected to said plurality of amplifiers 
wherein connected to said A/D converter is a control means for 
switching said switch means whereby said control means 
switches said switching means when an output is detected from 
said A/D converter and connected to said switching means is 

said control means. 

in another embodiment of the present invention said first 

center wavelength offset satisfies the equation 

X=Ao-(2n,dsin((3) /m) /2 
and said second center wavelength offset satisfies the 

equation 

A=Xo+(2n=dsin((3)/m)/2 
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where 

Ao is the center wavelength; and 
2n3dsin(P)/m is the center wavelength offset 

where 

n, is .the slab waveguide index; 
d is the grating pitch; 
p is the incident angle; and 
m is the grating order. 

nresent invention further 
■ Yet another embodiment of the present 

co.p.i3e3 a supply unit connected to said input means wherein 
said supply unit provides an input for said .onitorin, unit to 

''"""'a further embodiments said supply unit is either a 
tunable laser, a precision wavelength addressable laser, or a 
tunable diode laser. 

^ r^-F thn oresent invention said 
In another embodiment of the present 

is connected to said supply unit and said 
switching means is connecc-a 

n. nrovid^s information to said supply unit, 
switching means provia-^ 



BRIEF DESCRIPTION OF THE DRAWINGS 
PXG 1 is an electro-optic schematic bloc, diagram 
illustrating an embodiment of a real time wavelength 
monitoring circuit in accordance with the present invention, 
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FIG. 2 is an optical schematic diagram of a PAWG having a 
center offset in accordance with the present -invention . 
FIG. 3A is a graph of throughputs Aj, Bi, Cj and . 
FIG. 3B is a graph of discrimination curves A./B^., and 

Ci/D,.i. 

FIG. 4 is a graph of discrimination curves A,/B,., and 
Ci/Di., with wavelength channel spacings of 1.6nm. 

FIG. 5 is an electro-optic schematic block diagram 
illustrating an al-ternate embodiment of a real time wavelength 
monitoring circuit of the present invention producing m and 

m+1 order outputs. 

FIG. 6 is an optical schematic diagram of a PAWG having m 

and m+1 order outputs. 

FIG. 7 is an optical schematic diagram of a PAWG having 

inputs at alternate ends. 

FIG. 8 is an electro-optic schematic diagram of a real 
time wavelength monitoring circuit connected to a tunable 
laser . 

FIG. 9 is a graph of current characteristics of a tunable 
laser. 

u ^-F r-;=»i i hration curves for multiple 
FIG. 10 is a graph of caiioraT^i.ou 

wavelengths . 

FIG. 11 is a graph of experimental data measuring the 
real output wavelength and the desired wavelength. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The following examples are illustrative of preferred 
embodiments of the invention and are not to be const-rued as 
limiting the invention thereto. 

The present invention is now described with reference to 
the drawings in which like ele,„ents are denoted by like 
numerals throughout the several views. In particular with 
reference to FIG. 1, a full coverage ™ulti-channel wavelength 
monitoring circuit 100 is depicted. A multiplexed input 110 
is connected to a switch 120 which selectively connects 

or 160, respectively labeled Mn, Bin, Cin and Din. A 

ion izin 150 and 150 and 
no Is connected to input ports 130, 140, 

receives multiplexed input 110. PAWG 170 demultiplexes 
multiplexed input 110 into a plurality of demultiplexed 
• outputs ISO, which in turn are connected to a plurality of 

^ ^^t-^r-t-nrs 190 are serially 
detectors 190. The outputs from detectors 

connected to corresponding ones of a plurality of amplifiers 
200 for detecting and amplifying outputs 180, and the outputs 

..900 are aH connected to an A/D converter 210 
from amplifiers 2UU are 

Which receives the demultiplexed output 180 through detectors 
ISO and amplifiers 200. Connected to A/D converter 210 rs a 

99(1 A siqnal from A/D 
controller (or signal processor) 220. A s g 

^.r 710 not^f^es controller 220 when a signal is 

converter ziu no^ — i.-^- 

. ront^oller 220 also is connected to and controls 
detected. Controller 

switch 120. 
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An 1 X 4 switch 120 is comprised of switches 230, 240 and 
250. switch 230 is connected to either switch 240 or 250 and 
is capable of switching between switches 240 and 250. Switch 
240 is connected to input ports 130 and 140 and is capable of 
switching the input signal therebetween. Switch 250 is 
connected to input ports 150 and 160 and is capable of 
switchi.ng the input signal between input ports 150 and 160. 

The circuit described above is a full coverage wavelength 
monitoring circuit of 4 wavelengths using a 4 X 3 center 

160 and 8 output ports 180. Each output port 180 has a 
different output ce.nter wavelength for each input port (130, 
140, 150 and 160). Therefore by changing the input port from 

^^,-,+- r^o^-+- 1 RO will have a center 
130, 140, 150 and 160, eacn output port 18U w — 

wavllength that will shifts a certain number of channel 
spacings to the longer wavelength direction. This is 
accomplished by shifting the center wavelength of the input 
ports (130, 140, 150 and 160, at a "center offset" angle. To 
expand to a monitoring system of n wavelengths, a 4 K (n.4, 
PAWG will be used. 

. rrr 7 a center offset PAWG design is 
With reference to FIG. 2a cencez 

-;^,, = r 1 y N P.^iWG utilizes a single 
illustrated. A conventional 1 X N 

input waveguide at a 0 degree inc.de.nt angle and a set of 
cutout waveguides of constant angular spacing a, corresponding 
to a wavelength spaci.ng of .X. The present invention is 
similar to a 2 X N PAWG in which a first input port 260 .s 
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connected to an' input slab waveguide 275 at an incident angle 
of 0, and a second input port 270 is connected to input slab 
waveguide 275 at an incident: angle (3. The third input port 
261 is connected to input slab waveguide 275 at an angle . (in 
.ost cases .=2. 5a) from center, and the forth input port 271 
is connected to slab waveguide 275 at an angle , from the 
third input port 261. Thus the center wavelengths from the 
input ports 260, 270, 251 and 271 are: 

V = X ,^ = V + AA/2 



^0(261) 
'^012711 

where 



. = X ,° = Ao'^ -i- AX/2 + 5A 



A,^ is the PAWG 0 to 0 center wavelength, and differs 

1 „^^inm center wavelength Xo by -oX/2 and 
from the signal nominal centei. 

satisfies the equation Ao" = Ao - 6A/2 
5A = n,d(P-a) /m 
AX = Hada/m 

= Xo - 5A/2 

where 

n, is the slab waveguide index; 
d is the grating pitch; and 

m is the grating order. 

•Ho -75 and output slab waveguide 285 are 
Input slab waveguide ^7 5 ana ouu.^ 

. ^r^r.o.-it-» ends of PAWG 280. Output 
connected to PAWG 280 at opposit. end. o 
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ports 290 ar. connected to output slab waveguide 285. Each 
port of output ports 290 has a different output center 
„avele„.th according to the center wavelength .1th different 
input potts 260, 270, 261 and 271. 

FIG 3A shows the simulated transmission passbands X„ 
,or inputs received through input ports 260, 270, 261 and 271 
,„,ere K is used to represent an input signal from port 260. 
270, 261 or 271, and j is used to represent an output portK. 

^^r.ni■■n'■ are readily measured using the 
T>^e pr-ecise waveiengtns are reau y 

a-scrimination curves of the system extracted from the ratios 
..tween' each pair of outPut signals ... and B.... To illustrate 

+-H^ r-f^ni-f^y siqnal wavelength 
th- wavelength monitor functron, the cente- sxg 

X. is used in the following example. If the signal wavelength 

is exactly at the designed wavelength, Ao and B.. wh.ch are 

retrieved fro. output ports 0 and -1 at different tx.es are 

.. .ea.ly egual. Therefore signals wifn wavelengths departed 

f.o. X. will generate different output strengths Ao and B... 

The ^ogarith. of B.Mo is nearly linearly proportional to the 

wavelength drift. With reference to TIC. 3B which shows the 

.ogarith. ratios between the output ports throughput for each 

. -nnnt Channel, the exact wavelength can be 
pair of adjacent input cnanne-, 

readily determined from the figure. 

PXG. 3B, an output ratio A./B... is represented by a 

. A and B are the input ports and i is the 

solid line wnere A ana a cil 

V ^^t-in C /D- , is represented 

, ^ -inri an cutout ratxo Ui/u^.i 

outDut port number, ana an u . 

r nnd D are the input ports and i is 
by a dashed line where C and D a-- 
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..e output po«-.u™.=r. ri3 . BS iXlus..a«s that the ratio 
curve is precisely dependent on t.e input signal's «aveien,th 
and is nearly linear if th. shape o£ the throughput .s a 
Gaussian shape. Thus input signal's wavelength can be 
determined using the discrimination curves. 

r-^rs-^'it.alk of about -25dB to - 
Because of the existence of c.oss.alK 

curves are limited. Based on the simulation result shown ia. 

r,^ fn^ each discrimination curve is 
FIG. 3B, the linear range for eacn ais 

■ n -7S^ of the channel spacing or less 

shortened dramatically to 75 o Oi. tne 

considering a -25dB crosstalk. Thus if the input signals 
wavelength is located outside the linear range of these 

. liice A /B. the monitor will be blind 
discrimination curves like A,/b,-., 

i-Ko <-orrect wavelength, 
and cannot give the correcu 

Kowever there is another group of discrimination curves 
■ of C./0.., Which is des.gned to be located in the middle of 

, ,P as a result o£ the special design o£ the center 

curves A;/B._: as a r^^^ux ^ 

X switching betv/een the 

offset. With optical switches and fast switc 

r.r^ r /D the whole wavelength range 
two input pair of A,„/B,„ and C,„/D,„, 

^w^ s-ries of discrimination curves. By 
is covered by these two ser..es o 

H^.icn the passband crossover point can be 
using this new design, cne y 

• • to achieve a different dynamic range and 
changed and . opt imized to acme 

, .'on Tf needed one can also use the ratios 
wavelength resolution. It neeat 

^ u /A to further extend the dynamic 
derived from B,JC,^ and B,„AA,„ to 



range . 
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FIG. 4 illustrates measured throughputs and 
discrimination curves of the wavelength monitoring circuit 
depicted in FIG. 1 with wavelength channel spacings AX=1.5nm 
(or Af=200 Ghz in frequency domain) and 6X=0.l6nm. The 
circuit is made of silica on silicon substrate. In an 
experiment under constant temperature control, input -laser 
wavelength shift was monitored with an accuracy of 0.02 nm/dB 
for a range of 0.9 nm with a monitoring wavelength range of_. 
about 8nm. The wavelength monitoring operation was tested 
with both DC and 2.5Gb/s modulated WDM signals. The technique 
is equally effective for DC as well as high frequency 

modulated signals, 

FIG. 5 illustrates another embodiment of the present 
invention and depicts a two order output detecting 
wavelength/power monitoring circuit. An input 510 is 
connected to an input port 530. Input port 530 is connected 
to PAWG 550 which demultiplexes .nput 510 into two groups of 
outputs, an m.l order output 560 and an m order output 570. 
The Signals from both the m.l order output 560 and m order 

■ -Hnpllv oe-ially connected to a plurality 
output 570 are individually, ..e-iaxj-y 

HSnn detectors 580 and amplifiers 590. Amplifiers 

of corresDondmg cieteci::oi.i> 

. H t-o a siqnal orccessor. The signal processor 
590 are connected to a sxgnax ui. 

• *. r.y- riiaital circuit in 

be an analog discrimination circuit or the digita 

FIG. 5. in FIG. 5 Amplifiers 590 are connected to an A/D 

cm ^ c: rrnnected to and receives 
converter 600. A processor 610 .s connects 

finn f.s *-hp outputs 560 and 570 are 
inout from A/D converter 600. As .n. o h 



SUBSTITUTE SHEET (RULE 26) 



PCTAJS99/09573 

\V0 99/57S34 

12 ^ 

detected and amplified by detectors 580 and amplifiers 590, 
A/D converter 600 signals processor 610 that an output has 
been detected and processor 610 compares the corresponding 560 

and 570 signals. 

FIG. 6 illustrates the design of PAWG 550. Instead of 
having multiple input ports a single input port 710 is 
connected to input slab waveguide 715. Input slab waveguide 
7,5 is connected to a grating waveguide 720 and an output slab 
waveguide 725 is connected to waveguid, grating 720. P.WG 550 
demultiplexes input signals received fro. input port 710 into 
„.l order demultiplexed outputs 730 and n order demultiplexed 

outputs 740. 

The m order output port a^ wavelength is 

X.a = (n,AL - n,d0 + n.d{j-l)a - n^do) /m = A, - 5X 
and the m-.l order output port b, wavelength is 

X- = (n.AL - n,dct> . n.d(j-l)P " n.de)/(m-M) = X, . 6X 
where L is the signal nominal wavelength for channel j and 

6X = n^da/m = n.de/(m.l) is the wavelength offset. Here 

t- r^^^^bands with offset center wavelengths 
we have two output passbanas 

X' and V. The discrimination curve can be easily obtained 
by taking the ratio between the two signals as was described 

t-^ rxr 3? The advantage of the two 
earlier in relation to FIG. JA. 

• Hors not reauire the switch. All signals 

order design is it does non reu 

r-^al time. Analog circuits can 
are collected and processed at real C-m 

be used to do the feedback control., 
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FIG. 7 illustrates another embodiment of the present 
invention which allows real time wavelength monitoring. In 
FIG. 7a PAWG 800 is depicted and has a first input 810 
located on slab waveguide 815, and second input 820 on the 
other slab waveguide 825. Slab waveguide 815 and 825 are 
connected to PAWG 800 at opposite ends of P-AWG 800. A set of 
output waveguides 820 is connected to slab waveguide with 
angular spacings of a. A second set of output waveguides 8 30 
are connected to slab waveguide 815 with angular spacing a. 
The waveguide length from input A to output a, is 
= (n,AL + n.dOin - o + 0„,,) ) /m = Xo - 5X 
and the wavelength input 3 to output bi is 

X,i« = (n,AL + n,d(0i„ + a + e,„,))/m = Xo + 6X 

where 

5X = rtsda/m; 

Ao = (n^AL + n3d{0in + Qouc) ) /r^' 

n, is the slab waveguide index; 

d is the grating pitch; and 

m is the grating order. 
Again, we have two output passbands with offset center 
wavelengths X.,- and X,,^ The discrimination curve can be 
easily obtained by taking the ratio between the two. 

The advantage, of this design is as follows. First there 
is no coherent crosstalk since the signals are input from 
opposite directions. Second it operates in real ti.^e withou. 
the' use of optical switches. Finally since only one PAWG is 
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orocessing . 

riG. S illustrates another e™bodi™ent of the present 
invention wherein a real ti.e wavelength .onitorin, circuit as 
depicted in PIG. 1 is connected to a supply unit 260. Supply ■ 

- oKio i^=;er- a tunable diode laser, a 
unit 260 can be a tunable lase-, 

precision wavelength addressable laser, a Electroabsorbtion 
Modulated Laser (EML, , or any other typa of input source. 
supply unit 260 is connected to input 110 and provides a 
multiplexed input signal at a particular wavelength. CPU 220 
is also connected to supply unit 260 and provides information 
to supply unit 260 based on the discrimination curves as 
discussed earlier in relation to riGs. 3B and 4. and the 

HH c:russed in relation to FIG. 3A. 
output curves as discusseu 

.n experiment was conducted using a tunable laser having 
a central current infection electrode, I., and two side 
current injection electrodes I. and I,. The tunable laser 
used in this experiment was an Eiectroabsorption Modulated 

• ^o..r-tad with a bent waveguide DFB laser. 
Laser (EML) device integr<.ted wicn a 

riG 9 illustrates the current conditions and tuning 

H .teri^tics of the tunable laser. Electrode I. was used 

characterxsrics oi. ^^^^ 

to fine tune the lasing wavelength while the two side 

A T were used to set the lasing wavelength to 
electrodes and If were usea 

-.V, =t- t-hP center of each tuning curve. A 
the ITU wavelengths at the center u 

« 2 7 nm was observed and the wavelength 
total tuning range oi. Z.' nm 

T was about 0.01 nm/mA. 
tuning efficxency of Ic was aoou.. 
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TO set the laser to an addressed ITU wavelength, X„ 
currents I. and I. were set to the "best guessed" values as 
determined by the calibration curves illustrated in FIG. 10. 

-, «.v, \ 1 was then measured by the 
The lasing wavelength. A, , was tneu 

monitoring circuit. Based on the wavelength difference .X. - 
X, - X,'. a modified current I. is determined and applied to 
the laser. The system is self-learning while making changes 

so that the tuning curve is constantly updated. 

riG. 11 shows the experiment data of real output lasing 

wavelengths and desired wavelength in a tuning process. It 

the tuning accuracy was found to be better than 0.01 nm. 

An addressable WDM laser using a 4X8 ^P.m wavelength 
monitoring circuit has been demonstrated. The tuning control 
.s based on a planar lightwave circuit which is self- 
contained, self learning and able to adapt to changes in the 
device and/or environment. This design is an attractive light 
source for reconf igurable WDM systems because of its rapid and 
accurate wavelength tuning characteristics. 

The invention being thus described, it will be obvious 
that the same may be varied in many ways. such variations are 
not to be regarded as a departure from the spirit and scope of 

H c^ucb modifications are intended to be 

the invention, and all such moaii. 

4-vi<= following claims, 
included within the scope of the -O.io g 
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What is claimed is: 

1. A multi-channel wavelength monitoring circuit for 
monitoring signals comprising; 

an input means for receiving signals at a first center 
wavelength offset input and a second center wavelength offset 
input wherein each of said signals has an input signal 

wavelength; and " 

a switching means for switching said input means to 
receive said signals between said first center wavelength 
offset input and said second center wavelength offset input 
whereby said switching means switches between said first and 
second wavelength offsets in order to monitor each input 
signal wavelength over an entire wavelength range. 

2. A multi-channel wavelength monitoring circuit as 
claimed in claim 1 and further comprising a Phased Array 
waveguide Grating (PAWG) connected to said input means. 



3. A multi-channel wavelength monitoring circuit as 
claimed in claim 2 wherein connected to. a first end of said 
PAWG is said first center wavelength offset input, and 
connected to a second side of said PAWG is said second center 
wavelength offset input. 



SUBSTITUTE SHEET (RULE 26) 



PCT/US99/09573 

WO 99/5783-1 

. 17 . 

4. A multi-Channel wavelength monitoring circuit as 
claimed in claim 2 and further comprising a plurality of 
detectors connected to said PAWG . 

5. A multi-channel wavelength monitoring circuit as 
claimed in claim 4 and further comprising a plurality of 
amplifiers connected to said plurality of detectors. 

6 A multi-channel wavelength monitoring circuit as 
Claimed in claim 5 and further comprising an A/D converter 
connected to said plurality of amplifiers. 

7 A multi-Channel wavelength monitoring circuit as 
aimed in claim 6 wherein connected to said A/0 converter is 

a control means for switching' said sw.tch means whereby sa.d 

. .witches said switching means when an output is 
control means switcnes .^dx^ 

detected from said A/D converter. 

8 A multi-channel wavelength monitoring circuit as 
claimed in claim 7 wherein connected to said switching means 
is said control means. 

9. A multi-channel wavelength monitoring circuit as 

• 1 1 whe-^n said first center wavelength offset 
claimed m claim 1 wne.--n 

satisfies the equation 

X=\o- (2n,dsin(P) /m) /2 
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and said second • center wavelength offset satisfies the 
equation 

X=/\c.+ (2n,dsin(P) /m) /2 

where 

Xo is the center wavelength; and 
2n,dsin(P)/m is the center wavelength offset 

where 

is the slab waveguide index; 
d is the grating pitch; 
(3 is the incident angle; and 
m is the grating order. 

10.. A multi-channel wavelength monitoring circuit as 
Claimed in claim 1 further comprising a supply unit connected 
to said input means wherein said supply unit provides an input 
for said monitoring unit to process. 

11. A multi-channel wavelength monitoring circuit as 
claimed in claim 10 wherein said supply unit is a tunable 
laser. 

12. A multi-channel wavelength monitoring circuit as 
Claimed in claim 10 wherein said supply unit is a precision 
wavelength addressable laser. 
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13. A multi-channel wavelength monitoring circuit as 
claimed in claim 10 wherein said supply unit is a tunable 
diode laser. 



14. A multi-channel wavelength monitoring circuit as 
laimed in claim 10 wherein said switching means is connected 
to said supply unit and said switching means provides 
information to said supply unit. 



c 



15. A multi-channel wavelength monitoring circuit for 
monitoring signals comprising; 
a tunable supply means; 

an input means for receiving signals from said tunable 
supply means at a first center wavelength offset input, a 
second center wavelength offset input, a third center 
wavelength offset input, and a forth center wavelength offset 
input, wherein each of said signals has an input signal 
wavelength ; 

a switching means for switching said input means to • 
receive said signals at either said first center wavelength 
offset input,, said second center wavelength offset input, said 
third center wavelength offset input or said forth center 
wavelength offset input, wherein said switching means is 
connected between said tunable supply means and said input 



means , 
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a processing means for receiving and detecting said 
signals at at least two of said center wavelength offset 
inputs for providing a signal to said switching means when a 
signal is detected/ and for obtaining a differential of said 
received and detected signals and for extracting information 
about said wavelengths of said signals producing control 
signals, wherein said processing means is connected to said 
switching means, and said input means; and 

a tuning means for receiving said control signals and 
tuning said tunable supply means wherein said tuning means is 
connected to said processing means. 



16, A mu 



Iti-channel wavelength monitoring circuit for 



monitoring signals comprising; 

an input means for receiving a signal; 

orocessing means for providing a first order output and 



a 

second order output. 
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